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IIOWNWASH(X?AIRPLANEWINGS.* =
By MaxMunkandGuntherCa~io,
Introduction.
Thedataforthecalcnzlationof theairforoesaotingon
,.
theelevators,obtainedfrompreviousmodelexperimentsare
notimmediatelyapplicablein pradioe, as the %ngle at which
thecontrolsurfacesmeettheairstreamis,in general,still
unknown.Theairstream,whenit reaches‘theelevatorhasaL-
readybeendeflectedby thewingsandalthoughthevelooity
impartedto theair mrrentby theQingsis of negligibleamount
oomparedwiththespeedof flight,theairbehindthewingshas
beendeflected,ownwarti,so that the elevators work in an air-
streamwhiohis inolinedin a downwardireotion.Theangleat
whichtheairstreammeetstheel.evaiorsurfaceis,therefore,
differentfrom,and,withtheusualarrangementof elevators,
lessthantheanglemadeby theelevatorsurfaoeswiththeline ,
of flight.
TestInstallation.-In orde~todeterminethevalueof the
angle c,.thatis,thedifferencebetweentheaerodyne.m”ic,or
effectiveangleofattadk,andthegeomet~ical,aotualanglebe-
tweentheelevatoroontrolsurfaces(stabilizeandelevators). :
andthedirectionof flighttheG&ttingenS~stitute oarriedout “
severalseriesof tests,theresultsof thefizstsetbeingnow
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Theairfoilusedhad,a spanof 7,20mm (28.35
chordof 120mm (4.7.25in),andwas testedin the
tunnel.Zt wassuspendedfromthebalance,by thin
sucha manneras toFernztof theeasyvariationin
of attackwhendesi~ed.Thevalu.e~cf theliftand
in)anda
largewind
wires, in
theangle
pressure
headof theair curzentwe:ercwr~cdfor&aahof themeasuring
points. Tworowsof ver-ctcalwir~s”werealsoarzangedl@8”mm
(4.25 in)and391mm (15,39 in)rcnpectively,fromthetrailing”
e&geof theaizfo?.?.andparallelto tileleadingedge. To ,the.se
wiresthinSUJK thr~a.d,~about200mm (’7,86in)longwereattached>
at threedifferentheights,namely,”ona levelwiththeleading
edgeandat 10C)mm (3.93in)abovearidbelowit,withtheobject
of indicatingthedirection of theair stream.Theairourrent
wasdirectedon theaisfoilhcwizor,tally(seeTableI),
TableI - Sequenwof ‘bheSIXrowsof threads,
.—— .. -.——— ——.—. .
Level I 0.00 I No,3 I No.4
BelotiL,”E4 ‘0,139b No;5 No.6
..,.
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bcmw-eei~therows of threadsat thelevel of thewing,these
abcve,andthosebel~wit. Thethreadsnearesttheairfoilare
At eachtest,as soon.astheairstzeamhadsettleddown,
p~med yarailel to theplaneof syu&?try‘of,theairfoil.The
thr~ad&werePaz’;i-colore.db~ack“andwhitewithd.tfferentr~ark-‘-
ingefor”ea,chrowandthusappearon theplateas vaziounlybrok-
en lin-es,rend~ringidentificationeasyandcertain.Th~e~-
posu.rewas 2 - 3 seonds, A seco~dphotographwas~imul:aneous-
ly takenfromabove,on a horizontal,plate,in ordertoaster-‘ ‘
tainwhethe~thethreadstookup a sUfficlentSyaccukateposi-
tionin theirvertical.planesandparallelto thedixectionof
. .
theairstream,and.whethertheanglesreadfromthefirstplate
oouldbe take-nas trulyindicatingtheactualdomwa’rdefleo- ‘f’
tion. In all theteststhiswasfound.tobe thecasethroughout.
A photographwasalsotakenof thethreadsin thewIM tunnel
withtheairfoilremoved,in orderto obtainthedire~tioncor--
-.
respondingto andrepresentingthe’directionf-fllght.A “
wireat rightanglesto theairstrsamservedas a basel~ne~
from‘~hichallangleswere.measuredon thephotographbY means
of a micrometer.
TheTests.
of rectaagul.ar
--4-.
#
ThetestsdescribedwerecarriedoutOn a ~er~.e%..
singlewings,withan aspectraticof 6. There
wasno fuselage.TWOairfoilswerewithoutwarpalongthespan
anddifferedonlyin the~hapeof thesection,Theremaining
sixmodelshadvaryingdegreesof warpalongtheaisfoil,the
angleof attackincreasingor decreasinguniformlyfzom’theceh-
teroutwards,‘fdenotingtheangleof attaokat theextxeme
endsof theairfoilwhenthatof thecentralsectionis‘OO.
Theexperimentswerecarriedoutas describedabovewithout
any difficultybeingencountered.Itwasobserved,however,
thatthethreadsin thespaceto therearof thewingtipsexhib-
iteda tendencyto describea sort of elongatedcone,instead
of settlingsteadilyin theditectimof theairstream,Readings
couldnot,therefore,be.obtainedfromthesethreads.
Representationf theRt3dUltS of theTests,
—
!!hevalues‘oftheI.ift coeffictentandtheanglesof attack
aregivenin Table11,fortheentireseriesof tests.Figs.2
to 9 givea roughdiagrammaticsketchof thedeflectionsof the .
airflowas recorded,whichgivea sufficientlyacourateideaof
thepathof theair current,Eachfigurere~resentsdataforone
airfoil.Thedistancesof thepointson thediagramfromthe
centralvertioalline corres~ondto thedint~nceof thecorres-
pondingthreadfromtheFlaneof symmetryof theaizfoil.The
pointsto theleftof theoenterlinereferto thefrontrowof
threadsandthosetotheright
onlyone-halfof eachcurveis
of theline,to therear row. Thus,
representedon thediagi’ams,with
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theobjectof givinga morecompleteillustration,Thisis the
usualpracticewhenrepresenti~a symmetricalbody=oneWlf, up
to theaxis,being~hcwnin elevation,theotherhalfin section.
l’hecurvesjoinallthepointscorre~pondingto one~ng~eofat- .
tack. Thegroupsof cuxves,oneaboveanother,representhe-row6
of threadsat variousheight,Thedcwnwardeflection(downwash)
givenby thewingto theair currentis indicatedby theanglec
in degrees,-aboveandbelow;thedownwardinclinationcorrespo
to a downwardeflectionof theairstream,andtheconsequent
reductionin theangleofattackof theelevatorat thispoint.
It should,however,be noted:thatonlythepointsrepresented
by smallcircles~e~resentvaluesohtalnedfromactualobserva-
tion,andhence,thepa+;bsof thecurvespsaing throughthem
aresomewhatarbitraryandmustnotbe takenas rigid. ThisiS
especiallytrueof theregionimmediatelybehindthewingtips
where,forreaeoilsgivenabove,no reliabledataconcerningthe
angleof downwas.hcouldbe obtained.It is,therefore,possible
thatat thesepoints
-thecuxresfollowquitea differentdi-
rectionfromthatshown.As,ho~eve~,thisis theleastlikely ‘
placefclrfittingtheelevatorgear,theshapeof thecurvesfor
positionsimnediatielybehin~thewingtipsisnotofmaterial
importancehere.
b = 720m, t = 120 m-l,
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ResultsofMeasurenen-ts,- Theconditionsexistingin the
regionbehindthe’mngcanbe readily~eenfromanexamination
of Figs,2 to9. Thesaddleshapeof thecurvesat thewing
levelshouldbe speciallynoted. Thisformationwasalsofound
to existwithmostof thewarpedwingsinwhichtheangleof .
attackdecxeasedtowardsthewingti~s. Thesewingsalso,pro-
duceda smallerdownwardeflectionof theairstreamat the
center than towardsthetips.
A comparisonbetweentheresultsof testson thetwowings
.
withuniformsectiont“nroughout,wi%kou%warp>inFigs.2 and 3,
shows that thet!e.fY.eotloncf theainetreamisapproximately
proportionalto theliftcoefficient.Ifwe thenoonfineour-
,.0
selvesto warped.wingeinwhichtheanglereaches*3 and
exmni.nethe
themcanbe
thefozmof
oorrespcndingcune~ obtained,thedifferencebetween
readilyseen. Spec3a?-attentionshouldbe paidto
thecurves$elatingto the centralportionof the
wings;andthisis thepartw~ichis of thegreatestimportance
havingregardto theusualpositionof theelevator.Overthis
porti,onfora givenliftcoefficient,i:bwill.be seenthat the
.an~leof downwas-nis appnxirnate?!yuniformforalldegreesof
warping.Theexpe~imentssthezefore~,demonstratehattheexist-
enceof a twtstIn a winghasrlogreatirfiluenficeupontheangle
of attackof theelevatozwhenfittedto thereal’of the central
“.
portionof thewing. .-
T%eory, and~eviewofReavlts- TEereisbotha generaland
—.. .—__-&—. *
a specialtheoryofairfoils.Thespecialtheoryassumes,in
. .
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is unifcmmalongthewholespan. Theexperimentsjustdescribed,
asdu@ticnnv~s,theiefcre~inaccwcate.It is noteworthy,how-
ever> thatumcl.usior.based.uponthisassurpptionftenoorres-
,
pohdverywellwiththe’observedresults.
!t’h.e-geriwa).theoryleavesthe”questionof thedistribution
of theliftalong’the’spanopenforthepreseqtjand.assumes
thatit 3Suniformat’allanglesof attack;butno conclusions/
as to theangleof dowmwashc of thev-a,r.iou~puirits of thewing
can,aa yet,be ct~awn.It is,however,clear,thatthisangle
is theproduotof a constant
“g“ andtheinducedangleof-attack
(see E, Murk, .“Someobservationson theaerodynami~sof support-
ingplanesttT.El.vol.~~,~0.2, p.187),ViZ:-
C, F
c = g Jn 57.3°”———..
~.
i=g E 57,30.
k2b2TT
for
for
Thevaluesof ‘fg’rmustfirstbe est~blisheclby
monoplanes
multiplanes
ex~eriment.
(1)
(2)
It variesnotonlywiththearra~gcmentof thewings,butalso ,
frompointtopointon thewing, ,
*
If equat$on(1)is,usedforpoint~behindtheceatxalpor-
tionof thewing,sub~t~tu~~llgtheavere.gevaluesobtainedby
\
-9- .
measurementat thethreemiddleyolntsof eachrow.
md, althoughnot entirelyconsta~tforall,points,itvarte6
pointstobe taken.Table111,tabulatingtheseaverages,indi-
oatesinfact,thattheydo notvary greatlyfordifferentair-
foils,andthattheangleof downwashdoesnotvaxygreatlyfrom
thedirectionof flight.Thisgreatlyfacilitatedthemaking
Of theexperiments,as otherwise>thethreadswou:dhave’been
curvedinsteadof straigh:,makingthereadjngof the~glcs of
deflectionextremelydifficult,Takingthemeanvaluefromthe
,
bottomrowof TableIIIjtheresultsof theentireseries’of
testsoanbe summarizedas follows:Theangleofattackat the “
tailunit,whenin i-bsusualpu’sition,is diminishedhy an
amountequalto 1.8timestheinducedangle of attack of the
wings.
—
—-
ModelHo. SectionAngleof Fig. Numericaldesignationof row.
No. warp No. 1 2 3455
914 190 .0 .2 1.3.1.2 1.7 1.6 1,4 “1.6
915 210 0 3 1.4 1,3 1.!31.9 1.5 1,5
916
.1 ~~
4.5
)
1.3 1.2,1,7 1,7 1,5 1.5
917 3.0 : 1.5 1.3 1.7 ‘1.8 1.6 1.7
918 134 1.5 6 1.6 1.3 1.7 1.7 1,6.1,4
.919
-1.5
}
? 1..51.3 1.9 1.8 1.6 1.7920
-3.0** 8 1.5 2..42.0 1.7 1.4 1.5921
-4.5 “9 1.5 1.2 2.2 1.7 1,5 1.4
.,
Mean ‘1.46127 195 174 L51 154
* Angleof ~ashin,
** Angle of washOUt.
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